Introduction
The next generation of powered DC magnets at the National High Magnetic Field Laboratory (NHMFL) is targeted to operate at a combination of field and uniformity, which is presently unavailable. An engineering study on a magnet system to bridge the gap with a uniformity of 1 ppm and a central field of at least 35 T is presently being conducted. It is a hybrid magnet somewhat similar to the 45 T Hybrid but connected electrically in series. This innovative magnet system named the Series Connected Hybrid (SCH) consists of a Florida-Bitter resistive magnet nested within a cable-in-conduit-conductor (CICC) superconducting magnet, operated at 20 kA and 12 MW.
Simulations of the thermal response of the superconducting outsert have been conducted that take into account various operating scenarios. The heat load from hysteresis and coupling losses are computed and applied to a numerical simulation to determine the temperature of the conductor and helium and the temperature and current margins.
Methods of Analysis
A modified version of the GANDALF code 1 has been used to simulate the outsert behavior during charging/discharging and a quench event. The modifications mostly consisted of adding program blocks into the code body. One program block customizes a set of circuit equations and another block includes AC loss power density calculations. Such an integration enables one to model the system behavior in the case of a quench event and/or heating due to AC losses. In addition, the actual nonuniform strain and field distributions through the coil is taken into account and is determined using finite elements. The spatially dependant field and strain are used to compute the non-copper critical current density which is represented as
[1]
The hysteresis loss is calculated as a function of the critical current density which in turn is dependent on the temperature of the superconductor and all are based on the ramp rate.
Results and Discussion During a ramp cycle up to full field (20 kA and 36 T) and back down at 500 A/s, the temperature of the conductor increases due to AC losses. Figure 5 shows the temperature distribution of the conductor for each cooling path. This shows that a time delay between successive ramps is required to prevent overheating of the conductor and possible quench for this cooling configuration.
